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E-mail address: i.n.ogorodnikov@gmail.com (I.N. OThe paper presents the results of experimental study of electronic structure of RbPb2Cl5 and KPb2Cl5 laser
crystals performed by the optical and photoelectron spectroscopy methods. On the basis of the optical
absorption and low-temperature reﬂection spectra of these crystals we have determined the energy
positions of the edges of the low-energy tail of the host absorption, the positions of the ﬁrst excitonic
absorption peaks, and exciton binding energies. The bandgap widths of these crystals at 8 K were esti-
mated as Eg = 4.83 and 4.79 eV, respectively. Qualitative and quantitative analysis of RbPb2Cl5 and KPb2-
Cl5 crystals were made on the basis of the core states photoelectron spectra. The elemental composition
of the (001) surfaces of the crystals, the chemical state of the host atoms, the electronic structure of the
valence band of the crystals were discussed on the basis on the spectroscopic data.
 2012 Elsevier B.V. All rights reserved.1. Introduction
Advances in developing the compact solid-state laser systems
with the selective resonant pumping and up-conversion light-
emitting-diode (LED) pumping for laser generation at room
temperature in the broad spectral interval from mid-infrared to
vacuum ultraviolet regions lent impetus to a search for and study
of the modern low-phonon-frequency host crystals. Among them,
the newly developed alkali metal lead double halide APb2X5
(A = K, Rb; X = Cl, Br) crystal family is the promising host for
embedding various rare-earth (RE) ions [1–3]. The APb2X5 lattice
provides a large isomorphous capacity for rare-earth and transition
impurity ions and efﬁcient channel of energy transfer from the
host lattice to the impurity ions. These crystals are non-hygro-
scopic, have sufﬁcient mechanical strength and chemical stability
[4]. The maximum phonon energy of the crystals is ⁄x0 -
 200 cm1, so that the multiphonon relaxation rates are low [5].
The potential application areas of APb2X5 crystals doped with RE
and transition ions include solid-state lasers, telecommunication
systems, color displays, optical storage devices, optical ampliﬁers
and various medical devices [6–9]. The laser generation of KPb2X5:
RE crystals has been obtained with Nd3+ (1.06 lm), Dy3+ (2.4 lm)
[3,7], and Er3+ ions (4.6 lm) [10,11]. In this regard, many research
works were devoted to luminescence spectroscopy of APb2X5
crystals doped with various impurity ions, among them U3+ [12],
Yb3+ [13], Pr3+ [14], Er3+ [15–17], Ho3+ [18] and Mn2+ [19]. At thell rights reserved.
gorodnikov).same time, very few papers were devoted to study of the APb2X5
host crystal. Intrinsic luminescence of APb2X5 crystals was studied
in [20–24]. Transient optical absorption spectra of KPb2Cl5 and
RbPb2Cl5 crystals upon exposure to radiation pulse of nanosecond
duration were reported in [25,26].
Practical applications of APb2X5 as a working material in quan-
tum optics requires knowledge of electronic structure not only for
the rare-earth and transition dopants, but for the host crystals as
well. The electronic structure of lead-doped crystalline systems
exhibits speciﬁc features accounting not only for the application
potential of such systems but for the fundamental interest in them
as well. The simplest and best studied crystal systems of this class
are the PbCl2 and PbBr2 lead halides. In these crystals, low-energy
electronic transitions are induced by excitation of cation excitons
[27], and PbCl2 reveals self-trapping of electrons at the rg covalent
bond of the 6p orbital of the (Pb2)3+ molecule [28,29]. Electronic
structure of ternary compounds of alkali metal lead halides is stud-
ied much worse. Experimental data on the electronic structure of
potassium and rubidium lead bromides, KPb2Br5 and RbPb2Br5,
has recently been obtained by optical absorption and X-ray photo-
electron spectroscopy methods [30]. At the same time, we are not
aware of detailed experimental studies of the electronic structure
of potassium and rubidium lead chlorides, KPb2Cl5 and RbPb2Cl5.
In this paper, we focus on the experimental study of the elec-
tronic structure of KPb2Cl5 (KPC) and RbPb2Cl5 (RPC) crystals by
the means of several spectroscopic methods, because any detailed
study of the electronic structure should be based on the experi-
mental spectra of solids. First, we studied the optical absorption
and low-temperature reﬂection spectra in the energy range of
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mation on the location of the fundamental absorption edge,
excitonic states and the bandgap width Eg of the crystals. Second,
we used X-ray photoelectron spectroscopy (XPS) methods to study
both the core states and valence band spectra. On the basis of the
core states spectra, the qualitative and quantitative chemical anal-
ysis of the KPb2Cl5 and RbPb2Cl5 crystals have been carried out. The
obtained data on ionization degrees were used to estimate the
charge states of the chemical elements in these compounds. The
valence band structure and speciﬁcity of the quasi-core levels Pb
5d were discussed from the valence band spectra of KPC and RPC.Fig. 1. Photograph of the grown KPC crystal.2. Experimental details
The crystal growth technique was described in detail in [31].
Synthesis of KPb2Cl5 and RbPb2Cl5 compounds was performed
using high purity chloride salts. The starting high purity reagents
PbCl2, RbCl and KCl 99.999%, were additionally puriﬁed by re-
peated directed crystallization with prior removal of dirty parts.
KPC and RPC single crystals were grown using the Bridgman tech-
nique in soldered ampoules in halogen atmosphere. In order to
prevent compound decomposition, the pressure inside the am-
poule exceeded the atmospheric pressure. As it follows from phase
diagrams, KPC and RPC melt congruently at 434 and 444 C, respec-
tively. Linear temperature gradient in a growth zone of the furnace
was 20 C/cm, and the rate of the ampoule moving into the cold
zone was 2–4 mm/day. One of the starting reagents (PbCl2) is
hydrolyzed easily in contact with air and in this case decomposi-
tion products occur. Therefore, a reﬁnement of moisture and oxy-
gen-containing impurities is necessary during synthesis and
preparatory operations. It is also important to prevent any contact
between puriﬁed material and air (i.e., oxygen and water) in both
handling operations of starting materials and single-crystal growth
process. Note that the high quality KPC and RPC crystals are stable
and optical components made from them, can be kept in air far
longer than one year without considerable destruction. The KPb2-
Cl5 and RbPb2Cl5 crystals of optical quality were grown with sizes
15 mm in diameter and up to 40 mm in length, Fig. 1. The samples
were cut to obtain (001) surface. The sizes of the investigated sam-
ples were 7  7  1 mm3.
The real crystal structure was studied in [32]. These crystals are
biaxial, crystallize in the monoclinic system (space group P21/c)
with lattice parameters a = 0.8831, b = 0.7886, c = 1.243 nm, and
b = 90.05 for KPC and a = 0.8959, b = 07973, c = 1.2493 nm,
b = 90.12 for RPC. The crystals are transparent in the 0.3–20 lm
spectral region [32].
The reﬂection spectra at an angle of incidence of 17 were mea-
sured at the SUPERLUMI station of HASYLAB under selective optical
excitation by synchrotron radiation [33]. The resolution of the pri-
mary monochromator was typically 0.32 nm. The measurements
were performed at a temperature of 8 K with a gas-ﬂow cryostat
providing a vacuum of not worse than 5  108 Pa.
Optical absorption spectra at 80 and 290 K were measured at
the laboratory of Solid State Physics of Ural Federal University by
the means of a Hekios Alpha 9423UVA1002E spectrophotometer
(k = 190–1000 nm) equipped with the Vision 32 software. The opti-
cal absorption coefﬁcient a was calculated using the formula
a = ln (T)/l, where T is the optical transmittance and l is the thick-
ness of the sample.
The XPS spectra of the KPb2Cl5 and RbPb2Cl5 crystals were mea-
sured at the Institute of Solid States Chemistry of Ural Branch of
RAS (Yekaterinburg, Russia) by the means of the ESCALAB MK II
X-ray photoelectron spectrometer equipped with the non-mono-
chromatic Mg Ka1,2 (1253.6 eV) and Al Ka1,2 (1486.6 eV) sources,
the ion-pumped chamber having a base pressure less than1  108 Pa, the three channel hemispherical energy analyzer
(150, 12 in.), the AG-21 inert gas ion gun for sample cleaning with
Ar+-ions (E = 2–10 keV). The energy scale of the spectrometer was
calibrated by setting the measured Au 4f7/2 binding energy to
84.0 eV, with regard to the Fermi energy, EF. The binding energy
was determined with an accuracy of ± 0.1 eV. The electrical charg-
ing of the sample surfaces was estimated from the C 1s line
(284.6 eV).
The experiment controlling as well as the primary XPS data
recording and processing were carried out by the use of the special
microprocessor system operating on line with a personal com-
puter. The satellites arising due to the non-monochromatic X-ray
source, were subtracted using the special supplement for LabView.
The further experimental XPS spectra treatment was carried out by
means of the special computer program XPSPEAK 4.0. The Shirley
algorithm was used to remove a nonlinear background.
It is known [34] that the XPS method is very sensitive to the
quality of the sample surfaces. Therefore, a special attention in
our investigation was paid to preparing the crystal surfaces. The
surfaces of the samples were subject to electrochemical polishing.
Just before placing a crystal into the vacuum chamber of the spec-
trometer, the surface of each sample was mechanically processed
with the ethanol solution of Al2O3-powder with dispersity of
0.3 lm, and then this sample was ethanol washed. After this, the
sample was mounted on the sample holder using a double-sided
conductive carbon tape and placed into the vacuum preparation
chamber of the spectrometer. The sample in the vacuum chamber
was warmed up by means of an incandescent lamp at 400 K during
1 h. On the further stage, the sample was transferred into the vac-
uum analyzer chamber by means of a special vacuummanipulator.
An additional cleaning of the crystal surfaces was performed by the
5 min bombardment of the crystal surface with the Ar+-ion beam
Fig. 3. The reﬂection spectra of RPC – (1) and KPC – (2, 3) crystals recorded in the
energy range of low-energy tail of the host absorption at 8 – (1, 2) and 290 K – (3).
The arrow speciﬁes the calculated band gap energy Eg at 8 K.
Table 1
Exciton parameters (eV) for KPC and RPC crystals at 8 K.
Crystal E1 Eg R
RbPb2Cl5 4.51 4.83 0.32
KPb2Cl5 4.45 4.79 0.34
aPbCl2 4.68 4.86 0.18
Note: data on the related crystal PbCl2 measured in [27] at 80 K is presented for
comparison.
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was approximately 5  1016 ions/cm2.
3. Results and discussion
3.1. Optical spectroscopy
The monotonic exponential increase in optical density corre-
sponding to the long-wavelength fundamental absorption edge of
crystals starts at 80 K in the interval 4.0–4.1 eV, Fig. 2. An increase
in temperature brings about a characteristic shift of the fundamen-
tal absorption edge toward lower energies. This indirectly suggests
that the fundamental absorption edges of KPC and RPC crystals are
due to exciton absorption. Fig. 3 displays the low-temperature
reﬂection spectra recorded in the region of the fundamental
absorption edges of KPC and RPC single crystals at two different
temperatures. The reﬂection spectra in the energy range of 3.7–
4.7 eV contain peaks whose positions depend on a temperature.
For instance, the average temperature coefﬁcient of shift of the
main peak E1 within the temperature range 8–290 K is @E1/
@T = (2.8–3.0)  104 eV/K. This value is typical for large-radius
excitons in wide-gap crystals [38]. The characteristic shape of the
reﬂection spectra and their temperature behavior observed in
KPC and RPC crystals give one grounds to relate these peaks to a
manifestation of large-radius excitons. An analysis of the exciton
peak positions in the reﬂection spectra (Fig. 3) was performed in
terms of the Wannier-Mott hydrogen-like model [39]. Values of
the energy gap, Eg, and the exciton binding energy, R, were deter-
mined from ﬁtting of excitonic series by simple hydrogen-like
dependence
En ¼ Eg  Rn2 ; ð1Þ
where En is the excitonic peak position, n = 1,2, . . . ,1. Table 1 shows
the results of the best ﬁtting. From Table 1 it follows that the band
gap in the ternary compounds is comparable to that of lead chlo-
ride, but the exciton binding energy in the ternary compounds is
almost twice that of lead chloride. Substitution of rubidium for
potassium cation leads to a slight decrease in the band gap value.
3.2. X-ray photoelectron spectroscopy
Fig. 4 shows overview spectra of both the pristine and Ar+ ion-
irradiated optical surfaces of KPC and RPC single crystals. From
Fig. 4 it follows that all the spectral features, except the carbon
and oxygen 1s levels, are attributed to the constituent elementFig. 2. Optical absorption spectra of KPC – (1, 3) and RPC – (2, 4) crystals recorded
at T = 290 – (1, 2) and 80 K – (3, 4).core-levels. It is worth mentioning that the shapes of the C 1s
core-level lines for all the pristine surfaces were found to be
narrow, with their maxima ﬁxed at 284.6 eV and without any
shoulders on their higher binding energy sides related to carbonate
formation. We conclude that all the carbon 1s core-level spectra
detected on the pristine surfaces of the KPb2Cl5 and RbPb2Cl5 single
crystals under study are related exclusively to adsorbed hydrocar-
bonates. Previously such a conclusion was made for the potassium
and rubidium bromide crystals [30].
An Ar+ ion-bombardment leads to substantial decrease in the
relative intensity of the XPS carbon 1s core-level spectra of the
(001) surfaces of the chlorides. We found no active chemical inter-
action with oxygen when the (001) surfaces of KPC and RPC single
crystals contact with air for a comparatively longtime. The oxygen
1s lines are rather weak on the surfaces studied and they substan-
tially decreased after Ar+ ion-bombardment, Fig. 4. This fact con-
ﬁrmed experimentally the low hygroscopicity of these crystals,
which is very important for their practical applications. Based on
the appropriate cross-sections of photoionization [35], we have
ﬁgured out the relative contents of the constituent elements in
the (001) surface layers of the samples after the Ar+ ion-bombard-
ment. Table 2 presents the results of these calculations. From
Fig. 4. Survey XPS spectra recorded for (1) pristine and (2) Ar+ ion-bombarded
surface of KPb2Cl5 (bottom panel) and RbPb2Cl5 (upper panel).
Table 2
Chemical composition (at.%) of the (001) crystal surfaces after the Ar+-ion beam
cleaning.
Crystal Chemical element
Rb (K) Pb Pb0 Cl C O
RbPb2Cl5 11.29 18.84 3.56 52.23 9.34 4.74
KPb2Cl5 14.07 18.62 3.85 49.60 13.29 0.57
Table 3
Parameters of Lorentz–Gauss decomposition for the lines corresponding to the states
of Rb 3d, K 2p, Pb 4f, and Cl 2p.
Peak KPC RPC
Em (eV) DE (eV) L/G Em (eV) DE (eV) L/G
K 2p1/2 295.2 1.69 22 – – –
K 2p3/2 292.4 1.65 22 – – –
Rb 3d3/2 – – – 110.5 1.48 21
Rb 3d5/2 – – – 108.9 1.47 40
Cl 2p1/2 199.2 1.37 20 199.1 1.41 17
Cl 2p3/2 197.6 1.44 20 197.5 1.42 29
Pb 4f5/2 143.2 1.50 24 143.2 1.49 15
Pb 4f7/2 138.3 1.53 21 138.3 1.5 15
Pb0 4f5/2 140.9 1.37 20 140.8 1.58 15
Pb0 4f7/2 136.1 1.25 20 136.0 1.36 15
Note: Em is location of the peak maximum; DE is FWHM; L/G is the ratio of the
contributions of Lorentz and Gauss distributions to the total mixed distribution (0%
corresponds to Gauss; 100% corresponds to Lorenz).
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signiﬁcantly the chemical composition of the (001) surface of
KPC and RPC crystals because of decreasing both the oxygen and
carbon impurity concentrations. However, the ion-beam cleaning
is accompanied by two undesirable processes. First of them is pos-
sible implantation of Ar+ ions. Prolongation of the ion bombard-
ment can increase the implanted ion concentration to the
detectable level. The second process results in a partial reduction
of the lead ions from one chemical state to another. These chemical
states were denoted as Pb and Pb0, Table 2. The binding energy of
Pb matches almost exactly that for the lead ions in the lead chlo-
ride [36,37]. This is in a good agreement with our present view
of the examined crystals as solid solutions K (Rb) Cl–2 PbCl2. The
low-energy chemical shift of the Pb0 peak position from that of
the Pb peak testiﬁes that the part of the lead ions can be reduced
on the crystal surfaces under the action of X-rays (percents from
the total concentration of lead: 9.2% for RPC and 10.8% for KPC). Ex-
cept of this, the concentration ratios for the host chemical ele-
ments on the (001) surfaces after an Ar+ ion beam cleaning
tends to improve towards the molecular formula of the stoichiom-
etric compounds of KPC and RPC, Table 2. In general, the potassium
and rubidium chloride crystals are more sensitive to the Ar+ ionbombardment than the appropriate bromide crystals reported pre-
viously in [30].
Band component analysis was undertaken using the ‘‘XPS PEAK’’
software package, which enabled the type of ﬁtting function to be
selected and allowed speciﬁc parameters to be ﬁxed or varied
accordingly. Band ﬁtting was performed using a Lorentz–Gauss
cross-product function with the minimum number of component
bands used for the ﬁtting process. Selection of mixed Lorentz–
Gaussian distribution is related to the fact that the process of elec-
tron emission from the crystal surface under the action of X-ray
photons obeys the Gaussian distribution, while the process of elec-
trons registration by hemispherical electrostatic analyzer is de-
scribed by the Lorentzian distribution.
Table 3 shows the results of the band component analysis of the
Rb 3d, K 2p, Pb 4f, and Cl 2p bands. The Lorentzian-Gaussian ratio
was maintained at values less than 0.3, and ﬁtting was undertaken
until reproducible results were obtained with correlations of R2
greater than 0.995.
Satisfactory description of the Rb 3d, K 2p, and Cl 2p states by
two elementary peaks indicates the presence of these chemical ele-
ments on the surface of the samples mainly in one chemical state.
Decomposition of the line Pb 4f in four peaks conﬁrms our above
conclusion on the presence of lead in two states on the (001) sur-
face: Pb and Pb0.
Based on the fact that the bombardment of the surface by Ar+
ions allowed us to approach close to the molecular structure, and
the Lorentz–Gaussian decomposition of lines conﬁrmed the
absence of unaccounted chemical states of the host atoms, we con-
sider it justiﬁed to infer on the processes occurring in the bulk
based on data obtained by XPS. In this connection, all subsequent
conclusions about the structure of the valence band and core levels
of RPC and KPC crystals are formulated based on the XPS analysis
of the crystals subjected to cleaning by the means of the argon
ion beam.
The most valuable aspect of the XPS core–shell method is the
measurement of the chemical shifts of inner-shell electrons. Thus,
the method of photoelectron spectroscopy of core levels can pro-
vide a relatively correct information about the chemical state of
elements in the compound. The special value of this method is that
it gives an oxidation state or an ionization degree for each investi-
gated atom.
Analysis of the spectra of core levels of the KPC and RPC crystals
(Fig. 4, Table 2) allowed us to verify the relative chemical purity of
these crystals. Chemical elements are present in the crystals only
in the states corresponding to the chemical formula, with the
exception of lead. Low-energy component Pb0 is observed for all
investigated lines of lead (4p, 4d, 4f, 5d).
Fig. 5. XPS spectra recorded for (1) RbPb2Cl5 and (2) KPb2Cl5 crystals.
Fig. 6. XPS spectra of the valence band recorded for (1) RbPb2Cl5 and (2) KPb2Cl5
crystals. The vertical arrows indicate the energy positions of Eg/2 in accordance with
Table 1.
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energy level of this element has the same intensity for the peak
Pb0 and the same energy distribution. This indicates the chemical
shift as the reason for the low-energy peaks Pb0. Comparison of
the chemical shift with reference data [37,40] suggests the partial
reduction of the lead ions to the almost free lead atoms.3.3. XPS-spectra of the valence band and quasi-core levels
Figs. 5 and 6 show the XPS spectra of the valence band and qua-
si-core levels of KPC and RPC crystals. The XPS spectra in the
energy range from 2 to 7 eV, representing the upper edge of the
valence band (VB on Fig. 5), show no remarkable structure. Imme-
diately adjacent to this area, there is a peak which was associated
with Cl 3p-state. The valence band spectra in the energy range
from the Fermi level to 12 eV for KPC and RPC crystals are almost
identical. At higher energies, the XPS spectrum of the RPC crystal
shows a peak associated with the Rb 4p state, and spectrum of
KPC shows a peak of the K 3p states, characterized by a higher
binding energy. The lines of the Cl 3s and Pb 5d states appear in
the energy region of 14–25 eV in XPS-spectra of both crystals.Using the relation between lead in the Pb and Pb0 states, which
was calculated for lines Pb 4f, for the two crystals we can take into
account the contribution of the Pb0 state to the XPS-spectra in the
energy range of 14–25 eV. Figs. 5 and 6 show the spectrum of the
valence band and quasi-core levels after subtracting the Pb0 lines.
In framework of the XPS method, the binding energies are mea-
sured from the Fermi level. For dielectrics, which are the studied
crystals, the Fermi level is usually situated at the midgap. The Eg
values for both crystals were above determined from the reﬂection
spectra, Table 1. Fig. 6 shows the positions of the Eg/2 energy
which indicated the valence band top on the XPS-spectra of both
crystals.
Despite the differences in the crystallographic structure of the
ternary compounds and the binary lead halides, they have many
similarities in terms of optical and luminescent properties, see
e.g. [27,24]. This indirectly points to the similarity in their
electronic structures. The comparison of the XPS spectra of the ter-
nary crystals (Figs. 5 and 6) and that of binary chloride PbCl2
[41,42], together with the results of calculations of electronic
structure of the PbCl2 crystal [43], allow us to assume that the va-
lence band of the ternary chloride crystals is composed in the same
way as the valence band of PbCl2 crystal. The upper edge of the
PbCl2 valence band comprises the antibonding states of Pb2+ 6s
and Cl 3p orbitals. The lower part of the valence band is formed
by the bonding states of Pb2+ 6s and Cl 3p orbitals. The middle part
of the valence band is mainly due to Cl 3p states. However, in the
case of RPC crystal, the Rb 4p levels may also participate in the
formation of the valence band.
It can be seen from the XPS spectra that the alkali metal p-band
shifts from 17.6 eV to 13.2 eV upon replacement of K by Rb. In this
case, the actual valence band changes only slightly, because it is
mainly formed by the Pb–Cl electronic states. This fact allows us
to make a recommendation to substitute an alkali metal with
cesium. The Cs p-state will descend even lower, partly overlapping
with the valence band. This will effect on the optical properties of a
crystal. Similar work was recently made on the system M2Sr
(VO3)4, M = Na, K, Rb, Cs [44].
Of particular interest is the energy region of Pb 5d peak, Fig. 5. It
is known that the valent d-electrons play an important role in
compounds with transition metals, as they interact with the orbi-
tals of the ligands. We analyzed in more detail the level of Pb 5d
after taking into account the contribution of lead reduced to Pb0
state. Comparison of 5d5/2 and 5d3/2 peaks in ternary KPC and
RPC chlorides with similar peaks measured for free lead ions [41]
shows the broadening of peaks for the ternary chlorides in relation
to that of free lead ions. The full widths at half maximum of the
5d5/2 and 5d3/2 peaks in KPC and RPC crystals are similar and equal
to 1.8 eV and 1.7 eV, respectively. The full widths at half maximum
of the 5d5/2 and 5d3/2 peaks in free lead ions are equal to 1.0 eV and
0.9 eV, respectively. A similar broadening of the Pb 5d peak is ob-
served for crystal of binary chloride, PbCl2, its width at half maxi-
mum of Pb 5d band is 2.0 eV [41,42]. There are also other
experimental evidences indicating the presence of ﬁne structure
near the 5d area of lead halides, obtained using various experimen-
tal methods [45–47]. In Ref. [46] a structure with four bands was
observed, which were assigned to the transitions between the
spin–orbital splitting of 5d5/2–5d3/2 and 6p1/2–6p3/2 levels of lead.
We can assume that the observed broadening of the Pb 5d state
in the XPS spectra of ternary chlorides can also be caused by such
spin–orbital splitting.4. Conclusion
We have carried out the experimental study on the electronic
structure of KPb2Cl5 and RbPb2Cl5 single crystals by the means of
L.I. Isaenko et al. / Optical Materials 35 (2013) 620–625 625the optical and photoelectron spectroscopy methods. On the basis
of the optical absorption, reﬂection and photoelectron spectra we
can draw the following conclusions:
1. The energy positions of the edges of the low-energy tail of the
host absorption, the positions of the ﬁrst excitonic absorption
peaks, and exciton binding energies were determined for RPB
and KPB crystals. The band gap widths of RPC and KPC at 8 K
were estimated from the low-temperature reﬂection spectra
as Eg = 4.83 and 4.79 eV, respectively.
2. The relative concentration of the chemical elements on the
(001) surface was determined for both crystals. It was found
that the carbon 1s core-level spectra detected on the pristine
surfaces of the KPb2Cl5 and RbPb2Cl5 single crystals can be
assigned to adsorbed hydrocarbonates, the concentration ratios
for the host chemical elements on the (001) surfaces after an
Ar+ ion beam cleaning tends to improve towards the molecular
formula of the stoichiometric compounds of KPC and RPC. How-
ever, RPC and KPC crystals are more sensitive to the Ar+ ion
bombardment than the appropriate bromide crystals.
3. On the basis of the magnitudes of the chemical shifts of binding
energies of the host atoms, we determined the chemical state of
the host elements. All chemical elements, except for lead, have
a degree of oxidation, corresponding to the molecular formula
of the crystals. Satellite band structure of the lead was identi-
ﬁed; it was found that in addition to the state of chloride, there
are also lead atoms in the crystals, reduced to another state.
4. We put forward reasonable assumption on the structure of the
valence band and the similarity of the valence band to that for
simple lead chloride, in which the upper edge of the valence
band is formed by antibonding 6s states of lead, the middle part
is formed by the chlorine 3p states. The lower part of the
valence band consists of bonding state Pb2+ 6s and Cl 3p orbi-
tals. In RPC crystal, 4p levels of rubidium can participate in
formation of the bottom of the valence band.
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